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(54) LOW ALLOY STEEL EXCELLENT IN RESISTANCE TO CORROSION BY HYDROCHLORIC 
ACID AND CORROSION BY SULFURIC ACID AND WELD JOINT COMPRISING THE SAME 



(57) The present invention provides a low alloy steel 
and a weld joint thereof excellent in hydrochloric acid 
corrosion resistance and sulfuric acid corrosion resist- 
ance, said low alloy steel containing, in mass, 

C: 0.001 to 0.2%, 
Si: 0.01 to 2.5%, 
Mn:0.1 to 2%, 
Cu: 0.1 to 1%, 
Mo: 0.001 to 1%, 
Sb: 0.01 to 0.2%, 
P: 0.05% or less, and 
S: 0.05% or less, 

with the balance consisting of Fe and unavoidable im- 
purities; and the acid corrosion resistance index Al of 
said low alloy steel being zero or positive. 

Here, said Al is given by the following expression, 

AI/1 0,000 = 0.0005 + 0.045 x Sb% - C% x Mo%, 
where % means mass %. 
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Description 

Technical Field 

5 [0001 ] The present invention relates: to a low alloy steel and a weld joint thereof excellent in acid corrosion resistance; 
specifically, to a low alloy steel and a weld joint thereof excellent in resistance to hydrochloric acid and sulfuric acid; 
and, more specifically, to a low alloy steel and a weld joint thereof which secure an excellent corrosion resistance even 
in an environment of sulfuric acid or hydrochloric acid dew-point corrosion, the environment being produced in an 
atmosphere of combustion exhaust gas coming mainly from a boiler or a gasifying fusion furnace, or in an environment 

10 of a sulfuric acid or hydrochloric acid aqueous solution. 

[0002] To be more precise, the present invention relates to a low alloy steel and a weld joint thereof which are used 
for smoke exhausting equipment of a boiler wherein fossil fuel such as heavy oil and coal, fuei gas such as liquefied 
natural gas, non-industrial waste such as municipal refuse, industrial waste such as wood chips, fiber chips, waste oil, 
plastics, waste tires and medical waste, and sewage sludge are incinerated, the smoke exhaustion equipment including 

15 a gas duct, a casing, a heat exchanger, a gas-to-gas heater, a wet or dry desulfurizer, an electrostatic precipitator, an 
induced draft fan, a basket material and a heat conduction element plate of a rotary regenerative air preheater, a cooling 
tower, a bag filter and a stack. To be still more precise, the present invention relates: to an acid dew-point corrosion 
resistant low alloy steel and a weld joint thereof excellent in economical efficiency, which show an excellent resistance 
to sulfuric acid or hydrochloric acid dew-point corrosion caused in smoke exhausting equipment and are applicable to 

20 a welded structure and also to a fin of a heat exchanger tube, a heat conduction element plate of an air preheater and 
an expansion joint of a flue, those requiring severe cold-workability; and to a low alloy steel and a weld joint thereof 
excellent in corrosion resistance to hydrochloric acid and sulfuric acid, which are applicable to a steel pickling tank for 
receiving pickling liquor composed of either hydrochloric acid or sulfuric acid or a mixture thereof. 

25 Background Art 

[0003] A combustion exhaust gas coming from a thermoelectric power station, a municipal refuse incinerator or an 
industrial waste incinerator is mainly composed of moisture, sulfur oxide (sulfur dioxide, sulfur trioxide), hydrogen 
chloride, nitrogen oxide, carbon dioxide, nitrogen and oxygen. When sulfur trioxide is included in a combustion exhaust 

30 gas even at 1 ppm, in particular, the dew point of the exhaust gas reaches a temperature of 1 00°C or higher and thus 
sulfuric acid dew-point corrosion is caused. To cope with the corrosion problem, a sulfuric acid dew-point corrosion 
resistant steel (for example, Japanese Examined Patent Publication No. S43-14585) and a highly corrosion resistant 
stainless steel (for example, Japanese Unexamined Patent Publication No. H7-316745) are used. 
[0004] In the case of the flue gas system of a coal burning thermal power boiler or a non-industrial or industrial waste 

35 incinerator, as a considerable amount of hydrogen chloride is contained, besides the aforementioned sulfur trioxide, 
in combustion gas, both sulfuric acid condensation and hydrochloric acid condensation are caused. Further, a sulfuric 
acid dew-point temperature and a hydrochloric acid dew-point temperature vary in accordance with the composition 
of the combustion exhaust gas. In general, a sulfuric acid dew-point temperature is roughly in the range from 100°C 
to 150°C and a hydrochloric acid dew-point temperature is in the range from 50°C to 80°C. Therefore, in a flue gas 

40 system, even though the configuration of the system is not changed and the temperature of a passing combustion gas 
is nearly constant, some portions are dominated by sulfuric acid dew-point corrosion and some other portions by hy- 
drochloric acid dew-point corrosion because the temperatures of the walls of the portions vary in accordance with the 
structures and the portions. For that reason, the development of a material for a structural member excellent in both 
sulfuric acid dew-point corrosion resistance and hydrochloric acid dew-point corrosion resistance has been a challenge. 

^5 [0005] As an example to cope with the challenge, Japanese Examined Patent Publication No. S46-34772 discloses 
a technology related to an acid resistant ultra-low carbon low alloy steel, wherein sulfuric acid resistance and hydro- 
chloric acid resistance are enhanced by ultra-low carbon (not more than 0.03 mass % C) and the addition of Cu and Mo. 
[0006] Further, Japanese Unexamined Patent Publication No. H9-25536 discloses a technology related to a sulfuric 
acid dew-point corrosion resistant steel, wherein hydrochloric acid dew-point corrosion resistance is improved, while 

50 sulfuric acid dew-point corrosion resistance is secured, by reducing an S amount and adding Sn and/or Sb. Further- 
more, Japanese Unexamined Patent Publication No. H1 0-11 0237 discloses a steel excellent in sulfuric acid resistance, 
hydrochloric acid resistance and hot-workability, wherein Sn and/or Sb are added to a copper contained steel of ultra- 
low sulfur (not more than 0.005 mass % S) and further Mo and/or B are added thereto for recovering hot-workability 
that has been deteriorated by the addition of Sn and/or Sb. 

55 [0007] In the case of the technology disclosed in Japanese Examined Patent Publication No. S46-34772, however, 
the steel is limited to an ultra-low carbon steel and therefore there have been the problems of requiring other expensive 
alloying elements for enhancing strength, limiting the application of the steel to a heat conduction element plate for an 
air heater or the like to which even a steel having the tensile strength of less than 400 N/mm 2 is applicable, and thereto re 
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being hardly used as a steel for a welded structure Further thonnh th„ H«,=ii„ 

the problems of: not only extreme.y hindering Mii^Zf^TfTSZ "5 ^ *™ haVe been 

40 mass % when Mo is added excessively withTthe commit r» , ^ concentra,i °" range of 10 to 

some conditions, deteriorating hydroch.ori^ but also, under 

dew.p.oi„, corrosion environment therefore iSSSt- T" " Cn "" 1 * ln a «**«**>*> aeio 
increase further than the, of a afloy ^^S^SJ^T^3^"? >y,ng ° aUS,n9 ,be cos ' '» 

acid-resistanoe ana cold-workability simultaneously ' e ' e "" e mak1nQ 11 dl " ic,,lt 10 

oo^on resist ana* to or ,„ le l to"™ ^r^^^^ 

the steel is used for a welded structure though a ^Mm^Z^^ ^^^^^^^ 
steel, it is extremely difficuK to attain such Z -tow LTur when -ml Tk^ Uttra "' OW SU,fUr at the Same level as the 
taken into consideration and, therefore, when hT st J^is ^ ed ^ « w ?h ^7*™"* such as wa ' d ^ability are 
resistance of the join is hard.y secured ^Z^ J^t^Z h 1 namely 3 j ° in ' the co «™°" 

is inevitably required, an excessive addftion of S„ SSSlJSlS: ' • thOU9 " addi,i ° n ° f Sn and/or Sb 

as mentioned later and. therefore the appltoation o 'T.S^Z P h T n 'y^ 1 ^ 10 ^ 68 the toughness of a steel sheet 
a duct or a stack is not practical aPP " Cat, ° n ° f the St6el t0 a steel sheet for a welded structure such as 

desZd^^^^^ 

acid resistance among various sui?uric ac d d *w ™2! ? om P° s,tion the most excellent hydrochloric 
[0012] However. some wasTSrl^o^ 

hydrogen chloride in an exhaust gas may sometimes reach 4onn nnm p f ♦ garbage, the concentration of 

corrosion resistant steel, that: has^utetand^ a , nova ' ^ deW "P oint 

of an S-TEIM steel is maintained; can be produced ^T«T2SlSTSSS^Sr n ? - * , *" ,, »i he -cfcf rMlttmo. 
excellent in cold-workability; and is far more economtoal than I hinh. ^ and a cold - roll <- d steel sheet 

hydrochloric acid resistance, has strongTy been des^e d 9 * Stainl6SS Steel exce,lent in 

ronJS . FUrther ' S l JCh 3 ' 0W a "° y Steel is often used for an ordi ™ry welded structure 
[001 4J In general, in the case where a welded stmrturo .<= ,.^Jt • &ir "ciure. 

resistance of a weld differs fromThat of a T^rrlEST^! T?" environment ' whe " the corrosion 

corroded and the service life of the wela^ed stmir?2w.^ , t ! m9 ,nferior corr °sion resistance is selectively 
corroded, stress concentration occuTat JSSSTp^Sj? t'ZT When 3 W3 ' d is Selective, V 

be caused. Therefore, when such a low al.oyle, is use f^ b%£Z^££??^ °' * 
dat,on, the corrosion resistance of not only a base material but a l«fo V«,f ^ u n0t ' 9n ° re corrosi °n degra- 

[0015] msmoke exhausting equipment sue as aflul and a ISSZiZ SeCUred sufficient| y- 

incinerator, sulfuric acid dew po^t corroston and hvdroch^ 1 S ^ 003 bUming th6rmal P ° Wer boiler or a ref ^e 
and hydrogen chloride in an exhaLt gas t S^fjEElS? C ° rr ° Si0n CaUSed by SU,fUr trloxide 

(refer to, for examp.e. Nippon Steel CoqSratio £ ^-TE^ SSSSi d6W - p ° int C ° rr ° Si0n reSislant sleel 

As a welding materia., a welding mateTia for a so^nH 2 9 * ^ N °- A ° 1 ° ? ' 1 981 ' Sixth Edition ) is us *d. 
dew-point corrosion resistant ^ZToZl^l NiD o 0 n ° Me]y ^ 3 SU,fUric acid 

Nittetsu Welding Materia. & Apparatus Handbook p^p le^aS^^S? ^ & Engineerin9 C ° ' LT °- 
[001 6] A welding material exclusively used for a sulfur^ ^acid dew oofnt ^.f ^ 6 US6d - 

containing Cu itself as a corrosion resistant elemen oZ m ^^ttlXLTninn r6S ' Stant St6e ' h3S bee " 3 material 
formed by using such an existing we.ding rm^^^SS^SS^Z risis^ ^ * ^ ^ " 
dew-point corrosion environment caused by the smoke exhaustion T„ ? t COrrOSIOn res,st a"oe in a sulfuric acid 

a H SnXr;=^^^^^ 
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metal that has corrosion resistance inferior to that of the base material is selectively corroded 
ESl 71 The present invention is intended to solve the above problems and the object thereof is to provide a low alloy 
^Id^^SZS excellent in acid dew-point corrosion resistance; specifically a low alloy steel and a we d 
SrnTthereof excellent in resistance to hydrochloric acid and sulfuric acid; and more specially, a low alloy steel and 
a we St thereof which secure an excellent resistance to sulfuric acid dew-point corrosion and hydrochloric acid 
dew point corrosion caused in an atmosphere of a combustion exhaust gas coming mainly from a boiler or a gas.fying 

loOlT ToTe more precise, the object of the present invention is to provide a low aHoy steel and a weld joint thereof 
which are used for smoke exhaustion equipment of a boiler wherein foss.l fuel such as heavy o.l and coal fuel gas 
such as liquefied natural gas, non-industrial waste such as municipal refuse, industnal waste such as wood chips, ffeer 
chips wasted plastics waste tires and medical waste, and sewage sludge are incinerated the smoke exhausting 
fquTpmenVindud^g a gas duct, a casing, a heat exchanger, a gas-to-gas heater, a wet or dry desulf unzer, an elec ro 
sta" c prectortator an induced draft fan, a basket material and a heat conduction element plate of a rotary regene at.ve 
SBSI tower, a bag filter and a stack. To be still more precise, the object of the presen mven ,on .s 
to eco^omicalfy oroide an acid dew-point corrosion resistant low alloy steel and a weld joint thereof excellent .n 
t^o^elteZ ^ show an excellent resistance to sulfuric acid or hydroch.oric acid dew-pomt corros.on 
caus^n smr k e ex^tion equipment and are applicable to a welded structure and also to afin of a heat exchanger 
tube a her C onduc«on element plate of an air preheater and an expansion joint of a flue requiring severe eokttroft- 
W^ZZSSS* dew-point corrosion resistant low alloy steel and a weld joint thereof excellent in corros.on 
distance to hydroch.oric acid, which are applicable to a stee. pickling tank for receiving p.ckl.ng l.quor composed of 
either hydrochloric acid or sulfuric acid or a mixture thereof. 

Disclosure of the Invention 

[0019] The P resentinventors.asaresultofstudyingmetallurgicalfactor 6 influencingsulfuricaciddew^ 
resitance and hydrochloric acid dew-point corrosion resistance, havefoundthat hydrochlonc ac.ddew-po.nt corros.on 
esSance can * improved remarkably, while an S amount is not regulated to an ultra-low amount that has . been 
eauired before and sulfuric acid dew-point corrosion resistance superior to that of a sulfunc acd corros.on res stan 
S TEN 1 stee (a Cufsb steel) is maintained, by adding a very small amount of Mo in such a range that the .value of 
an after-mentioned acid corrosion resistance index Al is positive (zero or larger) to the aforemenfoned S-TEN steeL 
The findings by the present inventors related to the present invention are hereunder described .n deta.l. Note that an 
addition amount of a component element is expressed in terms of mass %. ^,^ tan „ a 
[0020] It has so far been understood that Mo is an element that extremely deteriorates the su "^'^' s ^ t ! 
ofasteeloracoppercontained low alloy stee! (referto. for example, Kowaka.Moro^h. and Mumya: The ^ 
o Metals 1 966 Spring Convention Lecture Outline, p.84 (1 966) and Teramae, Kado, Otoguro and Todorok.. Fuj. Steel 
CoZSon Technica?Re P ort No.17, p.108 (1968)). The present inventors focused the, attention on the ^ hat the 
Mo addition amount was more than 0.1% in the past research of investigat.ng the mfluence of Mo, and '"vestiga ed 
oredsely TheTf luence of a minute addition amount of Mo on the behavior of the hydrochlonc acd resistance, chlor.de 
coning resistance and sulfuric acid resistance of a Cu-Sb stee. when the Mo addition amount was 

40 not more than 0.1%. . 

[0021 ] As the results, the following new findings have been obtained: 

1 ) as shown in Fig. 1 , there exists a singular point where hydrochloric acid resistance dramatically improves when 
a verv minute amount of Mo (less than 0.01%) is added to a Cu-Sb steel; 

21 furthT as 11 "understood from Fig. 2, sulfuric acid resistance also improves by adding a very m.nute amount 
2 has sc ^fafbeen recognized as an element that deteriorates sulfurfc acid resistance, to a Cu-Sb stee., 

in contrast to the past knowledge; and — 
3) furthermore, from Fig. 2, sulfuric acid resistance deteriorates when Mo is added m excess of a certa.n amount. 

[0022] On the basis of the above findings, the present inventors defined the threshold Mo addition amounl ^that did 
not hinder sulfuric acid resistance (hereunder referred to as "sulfuric acid resistant Mo amount l.m.t ) as follows- That 
was, steels containing Mo and those not containing Mo. both having identical components except for Mo were com- 
pared with each other in terms of sulfuric acid resistance and the upper limit of the Mo amount m wh.ch sulfunc acd 
resistance started to deteriorate was defined as "sulfuric acid resistant Mo amount limit." 

0023] A sulfuric acid resistant Mo amount iimit has a very clear re.ationship with the amounts of C and Sb ,n a steel 
Lnd Ms an Mo amount that satisfies Al = 0 when an Al va.ue (a sulfuric acid or hydroch.oric acd corros.on resistance 
index) is defined by the following expression <1>, 
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AI/1 0,000 = 0.0005 + 0.045 X Sb% - C% X Mo% <1> 
[O024J Here, % means mass %. 

S==s =as=saSSSE~s5 

acid resistant Mo amount limit curve represent ^a redon wh^n n ^ ^ >eft ^ ° f the Sutfuric 
and hydrochloric acid resistance improv Sn h ^oThe^hand 1 „ '*? ^ ^ b ° th SU ' fUriC aCid resistance 

tor a s.ea, ,o, aleided ZrS Cuto VSZ ZSZ"£°^^ ° "V"""'" 9 ' """^ 

[0031] On the other handjn the case of the Cu-Mo-0 i%c;h^ntoinir,«^ • u u * u,c,,, y- 

acid resistant Mo amount limit is 0.05% (reference n^mefaf in STRESS 3 T" 1 * thesutfuric 

0.05% is added intentionally. Also, in the case of theT^ -M -0 15% Sb 222 ^T° U ? " * "* m ° re than 

the sulfuric acid resistant Mo amount limit is 0 ^Mt^^^ST 0 !^' 3 ° am ° Unt iS 

not more than 0.075% is added Acco Zalv In .St ™ »T F ' 9 ' 4) " Therefore - * is en °"9h if Mo of 

industrially controllable m^SSfiS^^ Z&T" ' 3 ^ C ° ntr °" ed 

o! a Cu U ^b 0 sfe e r e ' " ^""^'V exCe,lent in "V^h.oric acid resistance in comparison with a Cu-Mo stee, 
expraasas ,„. raWta is ,he aforamantionad A,, nama!,. AI/1 0,000 0 rio£ « x SbV « x j£' * 

slis^s,' nit rsfc ? r ,s in " ue " cin9 - *<"°< hk " fc ~ m 

— caa b . o b ,a,„ad * 1^0^^!^=^^ 
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material and making a weld metal composed of a specific composition on the basis of the knowledge on the improve- 
ment of the hydrochloric acid corrosion resistance and sulfuric acid corrosion resistance of a base material, in other 
words, by 1) making a weld metal composed of a Cu-Mo-Sb containing composition and 2) controlling an Al value in 
a specific range; and that, preferably, a further excellent weld joint can be obtained by restricting the difference between 
the Al value of a base material and the Al value of a weld metal in a specific range. 

[0034] The present invention has been established based on the above findings and the gist thereof is as follows: 

(1) A low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion resistance, 
characterized in that: said steel contains, in mass, 



10 



C: 0.0O1 to 0.2%, 
Si: 0.01 to 2.5%, 
Mn: 0.1 to 2%, 
Cu: 0.1 to 1%, 
15 Mo: 0.001 to 1%, 

Sb: 0.01 to 0.2%, 
P: 0.05% or less, and 
S: 0.05% or less, 

20 with the balance consisting of Fe and unavoidable impurities; and the acid corrosion resistance index Al, which is 

calculated from the following expression <1>, of said steel is zero or positive, 

AI/1 0,000 = 0.0005 + 0.045 X Sb% - C% X Mo% <1 >, 



25 



30 



50 



55 



where % means mass %. 



(2) A low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion resistance, 
characterized in that: said steel contains, in mass, 



C: 0.001 to 0.2%, 
Si: 0.01 to 2.5%, 
Mn: 0.1 to 2%, 
Cu: 0.1 to 1%, 
35 Mo: 0.001 to 1%, 

Sb: 0.01 to 0.2%, 
P: 0.05% or less, and 
S: 0.05% or less, 

40 and further one or more of 

Nb: 0.005 to 0.1%, 
Ta: 0.005 to 0.1%, 
V: 0.005 to 0.1%, 
45 Ti: 0.005 to 0.1%, and 

W: 0.05 to 1%, 

with the balance consisting of Fe and unavoidable impurities; and the acid corrosion resistance index El, which is 
calculated from the following expression <2>, of said steel is zero or positive, 

El/1 0,000 = 0.0005 + 0.045 x Sb% - C% X Mo eq <2>, 

where % means mass % and Mo eq (mass %) is defined by the following expression, 

Mo eq = Mo% + 5.1 X (Nb% + Ta%) -»- 4.2 X V% + 9.3 X Ti% 
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15 



+ 0.5 x W%. 

2^^^^ 10 hydroch,oric acid corrosion '^stance and sulfuric acid corrosion resistance ac 

cording to the ,tem (1 ), characterized in that said steel contains S: more than 0.005 to 0.025 mass % 

Cr: 0.1 to 0.5%, 
Ni:0.1to1%, 
N: 0.001 to 0.007%, 
Al: 0.005 to 0.1%, 
Ca: 0.0002 to 0.01%, 
Mg: 0.0002 to 0.01%, 
REM: 0.0002 to 0.01%, 
20 B: 0.0002 to 0.005%, 

La. 0.0002 to 0.01%, 
Ce: 0.0002 to 0.01%, 
Sn: 0.01 to 0.3%, 
Pb: 0.01 to 0.3%, 
25 Se: 0.001 to 0.1%, 

Te: 0.001 to 0.1%, 
Bi: 0.001 to 0.1%, 
Ag: 0.001 to 0.5%, and 
Pd: 0.001 to 0.1%. 



30 



C: 0.001 to 0.2%, 
35 Si: 0.01 to 2.5%, 

Mn:0.1 to 2%, 
Cu: 0.1 to 1%, 
Mo: 0.001 to 1%, 
Sb: 0.01 to 0.2%, 
40 P: 0.05% or less, and 

S: 0.05% or less, 



with the balance consisting of Fe and unavoidable impurities and a weld metal containing, in mass, 



45 C: 0.005 to 0.2%, 

Si: 0.01 to 2.5%, 
Mn: 0.1 to 2%, 
Cu: 0.1 to 1%, 
Mo: 0.001 to 0.5%, 

50 Sb: 0.01 to 0.2%, 

P: 0.03% or less, and 
S: 0.03% or less, 



55 



AI/1 0,000 = 0.0005 + 0.045 x Sb% - C% X Mo% <A> 



7 

M.snncin <po < ^n. ,<-... . 



EP1 460 145 A1 



where % means mass %. 

(7) A weld joint of a low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion 
resistance according to the item (6), characterized in that the absolute value of the difference IAAII between the 
5 acid corrosion resistance indexes Al of said base material and weld metal is 20 or less, 

where IAAII = IAI of a base material - Al of a weld metall. 

(B) A weld joint of a low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion 
resistance according to the item (6), characterized in that: said base material contains S: more than 0.005 to 0.025 
w mass %; and said weld metal contains S: more than 0.005 to 0.02 mass %. 

(9) A weld joint of a low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion 
resistance according to the item (7), characterized in that: said base material contains S: more than 0.005 to 0.025 
mass %; and said weld metal contains S: more than 0.005 to 0.02 mass %. 

15 

(1 0) A weld joint of a low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion 
resistance according to the item (6), characterized in that: said base material further contains N: 0.001 to 0.007 
mass %; and said weld metal further contains N: 0.001 to 0.02 mass %. 

20 (1 1 ) A weld joint of a low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion 

resistance according to the item (7), characterized in that: said base material further contains N: 0.001 to 0.007 
mass %; and said weld metal further contains N: 0.001 to 0.02 mass %. 

(1 2) A weld joint of a low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion 
25 resistance according to the item (8), characterized in that: said base material further contains N: 0.001 to 0.007 

mass %; and said weld metal further contains N: 0.001 to 0.02 mass %. 

(1 3) A weld joint of a low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion 
resistance according to the item (9), characterized in that: said base material further contains N: 0.001 to 0.007 

30 mass %; and said weld metal further contains N: 0.001 to 0.02 mass %. 

(1 4) A weld joint of a low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion 
resistance, characterized in that: said weld joint is composed of a base material containing, in mass, 

35 C: 0.001 to 0.2%, 

Si: 0.01 to 2.5%, 

Mn: 0.1 to 2%, 

Cu: 0.1 to 1%, 

Mo: 0.001 to 1%, 
40 Sb: 0.01 to 0.2%, 

P: 0.05% or less, and 

S: 0.05% or less, 

and further one or more of 

45 

Nb: 0.005 to 0.1%, 
Ta: 0.005 to 0.1%, 
V: 0.005 to 0.1%, 
Ti: 0.005 to 0.1%, and 
so W: 0.05 to 1%, 

with the balance consisting of Fe and unavoidable impurities and a weld metal containing, in mass, 

C: 0.005 to 0.2%, 
55 Si: 0.01 to 2.5%, 

Mn: 0.1 to 2%, 
Cu: 0.1 to 1%, 
Mo: 0.001 to 0.5%, 
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Sb: 0.01 to 0.2%, 
P: 0.03% or less, and 
S: 0.03% or Jess, 

5 and further one or more of 

Nb: 0.005 to 0.1%, 
Ta: 0.005 to 0.1%, 
V: 0.005 to 0.1%, 
10 Ti: 0.005 to 0.1%, and 

W: 0.05 to 1%, 

El/1 0,000 = 0.0005 + 0.045 X Sb% - C% x Mo eq <2> 
^ where % means mass % and Mo eq (mass %) is defined by the following expression, 

Mo eq = Mo% + 5.1 x (Nb% + Ta%) + 4.2 X V% + 9.3 X Ti% 
+ 0.5 X W%. 
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where IAEII = I El of a base material - El of a weld metall. 

Slsis^ I" hydr0Ch,0ri ° add COrr ° Si0n resis,ance ^ acid corrosion 

0 o£ mass % ^llll^Jl? 1 C t hara ^ en2ed in that: said base material contains S: more than 0.005 to 
u.u^o mass /«,, and said weld metal contains S: more than 0.005 to 0.02 mass %. 

u.u^o mass /o, and said weld metal contains S: more than 0.005 to 0.02 mass %. 

mass /o, and said weld metal further contains N: 0.001 to 0.02 mass %. 

S2£Z 'Z£?J?,%VT" '" h *"> <!hl °* *= ia <=°"°*>» -""=. and « acid corrosion 



mass A, and said weld metal further contains N: 0.001 to 0.02 mass %. 
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Cr: 0.1 to 0.5%, 
Ni: 0.1 to 1%, 
N: 0.001 to 0.02%, 
Al: 0.005 to 0.1%, 
Ca: 0.0002 to 0.01%, 
Mg: 0.0002 to 0.01%, 
REM: 0.0002 to 0.01%, 
B: 0.0002 to 0.005%, 
La: 0.0002 to 0.01%, 
Ce: 0.0002 to 0.01%, 
Sn: 0.01 to 0.3%, 
Pb: 0.01 to 0.3%, 
Se: 0.001 to 0.1%, 
Te: 0.001 to 0.1%, 
Bi: 0.001 to0.1%>, 
Ag: 0.001 to 0.5%, and 
Pd: 0.001 to 0.1%. 



Brief Description of the Drawings 
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[0035] 



Fig. 1 is a graph showing the influence of Mo addition amounts on the hydrochloric acid resistance of Cu-Sb steels. 
Fig. 2 is a graph showing the influence of Mo addition amounts on the sulfuric acid resistance of Cu-Sb steels. 
Fig. 3 is a graph schematically showing the influence of the addition amounts of C and Mo on the sulfuric acid 
resistance of C-Cu-Mo steels. 



Fig. 6 is a graph showing the relationship between the Al values of Cu-Mo-Sb steels and the corrosion rates thereof 
in sulfuric acid. 

Fig. 7 is a graph showing the relationship between the El values of Cu-Mo-Sb steels and the corrosion rates thereof 
in sulfuric acid. 

35 Fig. 8 is a graph showing the thickness reduction amounts of invention steel sheets and comparative steel sheets 

with the passage of time in a hydrochloric acid pickling tank. 

Fig. 9 is a graph showing the corrosion rates of invention steels and comparative steels in smoke exhausting 
equipment of a refuse incinerator. 

Fig. 10 is a graph showing the relationship between the IAAII values and the corrosion rates of the base steels 
40 and weld metals of weld joints according to the present invention in sulfuric acid. 

Fig. 11 is a graph showing the relationship between the IAEII values and the corrosion rates of the base steels and 
weld metals of weld joints according to the present invention in sulfuric acid. 

Fig. 12(a) is an illustration showing how to sample corrosion test pieces for evaluating the corrosion resistance of 
a weld metal. 

45 Fig. 12(b) is a cross-sectional illustration taken on line x-x' of Fig. 12(a) showing how to sample corrosion test 

pieces for evaluating the corrosion resistance of a weld metal. 

Fig. 1 3 is an illustration showing how to sample a corrosion test piece for evaluating the corrosion resistance of a 
weld joint. 

so Best Mode for Carrying out the Invention 

[0036] The present invention will be explained in detail. Firstly, the component elements and the addition amounts 
thereof related to a low alloy steel and a base material for a weld joint thereof according to the present invention 
(hereunder referred to as "invention steels") and the weld metal of a weld joint are explained. Here, % means mass %. 



(1) Invention steels (low alloy steels and base materials for weld joints thereof) 

[0037] C is added by not less than 0.001% since the reduction of a C amount to less than 0.001% significantly 
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deteriorates economical efficiency industrially. A C addition amount of not less than 0.002% is desirable for securinq 
strength. Though C has so far been regarded as an element that deteriorates sulfuric acid dew-point corrosion resist- 
ance and hydrochloric acid dew-point corrosion resistance to some extent, according to the present invention in the 
cl ' S ? steel - the deterioration of hydrochloric acid resistance is small if a C amount is not more than 
0.06 /o. Further, with regard to sulfuric acid resistance, though sulfuric acid resistance is not hindered when the ex- 
pression C% x Mo% § 0.0005 + 0.045 x Sb% is satisfied, sulfuric acid resistance drastically deteriorates when C 
added in excess of the amount regulated by the expression. When a steel is usedfor an application wherein hydrochloric 
aC 'n nnS anCC " T ,rn P ortant ' the above-mentioned regulation is not required and a preferable C addition amount 
is 0.005 /o or more. On the other hand, when a C amount exceeds 0.2%, weldability, sulfuric acid resistance and 
hydroch lone acid resistance deteriorate. Therefore, a C amount is limited in the range from 0.001 to 0.2%, in particular 
preferably, from 0.02 to 0.15% for the application of a welded structure such as a stack or a duct and from 0 002 to 
0.03% for the application of cold-working. 

[0038] Si is added by not less than 0.O1 % for deoxidization. An excessive Si addition causes hot-rolling scales to 
stick to a hot-rolled steel sheet (deterioration of descaling capability) and scale defects called arabesques and pock- 
marks to .ncrease drastically. Therefore, the upper limit of an Si amount is set at 2.5%. Si has an effect of improving 
sul unc acid resistance nearly in proportion to the addition amount thereof, but the effect of Si on hydrochloric acid 
resistance is hardly observed. Therefore, when hydrochloric acid resistance is regarded to be important, the preferable 
range of an SI amount Is from 0.55 to 1 .2%. When weldability, the toughness of a weld and productivity are concerned 
as a steel for a welded structure, the preferable range thereof is from 0.1 to 0.55%. Further, when scale defects formed 
rnnT-, V. pr ° duction of a steel sheet are concerned, the most preferable range thereof is from 0.2 to 0 35% 

[0039] Mn .s added by not less than 0.1% for adjusting the strength of a steel and the addition amount of 2% is 
sufficient for the adjustment. Therefore, an Mn amount is limited in the range from 0.1 to 2%. Though the increase of 
an Mn addition amount tends to deterioratesulfuric acid resistance to some extent, that does not significantly deteriorate 
the excellent sulfuric acid resistance of a Cu-Mo-Sb steel according to the present invention and therefore Mn may be 
added in consideration of the balance between a C amount and an Mn amount conforming to the mechanical properties 
required of a stee for a welded structure. When corrosion resistance is desired to the maximum, the preferable range 
of an Mn amount is from 0.1 to 0.7%. a 
[0040] Cu must be added by not less than 0. 1 % for securing sulfuric acid resistance and hydrochloric acid resistance 
However, even when Cu is added in excess of 1%, the effect is almost saturated, and rather strength increases ex- 
cessively and productivity deteriorates. Therefore, a Cu amount is limited in the range from 0 1 to 1% Preferably a 
p^oduS am ° Unt ^ ran9e fr ° m °' 2 ,0 °' 4% iS V6ry excellent in the balance between corrosion resistance and 
[0041] Mo is an essential element that significantly improves hydrochloric acid resistance when it is added to a Cu- 
Sb steel by not less than 0.001%. In the case of producing a steel with a 300 ton converter, for example when Mo 
oxide or Mo base metal of 30 kg or more is charged in the converter, the improvement effect appears even when the 
amount of Mo in the steel is lower than the analyzable lower limit (0.003%) of emission spectral analysis (Quantovac) 
Therefore, in commercial production, it is enough if the charge of Mo alloy in molten steel is secured regardless of the 

nnn n °J « T.! ^ FUfther ' Whe " an Mo amount is in the ran 9 e wherein «» expression C% x Mo% § 
° °°° 5 ; 0 °f 5 . X Sb 7° 15 satisfied, Mo functions as an element that improves sulfuric acid resistance and thus not 
only hydrochloric acid resistance but also sulfuric acid resistance improves. A sulfuric acid resistant Mo amount limit 
under which sulfuric acid resistance is not hindered is mitigated (increased) as a C amount decreases or an Sb amount 
increases as it has been stated above. The upper limit of an Mo amount is set at 1% in consideration of the influence 
on mechanical properties. 

[0042] Sb must be added by not less than 0.01% for securing sulfuric acid resistance, hydrochloric acid resistance 
and chloride containing acid corrosion resistance. Sulfuric acid resistance improves as an Sb amount increases How- 
ever, the effect is almost saturated with an Sb addition of 0.1%. On the other hand, when Sb is added in excess of 
0.2 /„, hot-workability and the toughness of a steel sheet and a weld joint deteriorate. Therefore, an Sb amount is limited 
in he range from 0.01 to 0.2%. A preferable range of an Sb amount is from 0.05 to 0.15% in consideration of the 
balance among corrosion resistance, hot-workability and mechanical properties 
so [0043] P is an inevitably included impurity element and significantly deteriorates sulfuric acid dew-point corrosion 
resistance and hydrochloric acid dew-point corrosion resistance. Therefore, a P amount is limited to not more than 
0.05 .4. Preferably, sulfuric acid dew-point corrosion resistance and hydrochloric acid dew-point corrosion resistance 
n r L=T a ™? lm P roved b V limi,i "9 a P amount to not more than 0.01%. The most preferable range of a P amount is 
0.005 to 0.01% ,n consideration of the burden of a dephosphorising process and economical efficiency 
55 [0044] S .s, like P. an inevitably included impurity element and, when it is added in excess of 0.05%, hot-workabilitv 
and mechanical properties deteriorate. Therefore, the upper limit of an S amount is set at 0.05%. However as shown 
in Fig. 5. in the case of a Cu-Mo-Sb steel according to the present invention, sulfuric acid resistance and hydrochloric 
acd resistance improves remarkably when S is contained in an appropriate amount in the range exceeding 0 005% 
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and therefore it is preferable to contain S by more than 0.005%. However, the effect is saturated even if S is added in 
excess of 0.025%. Therefore, it is preferable to contain S in the range from more than 0.005 to 0.025%. In particular, 
the most preferable range of an S amount is from 0.01 to 0.025% in consideration of hydrochloric acid resistance, 
sulfuric acid resistance, mechanical properties (lamellar tear resistance, etc.) and hot-workability. 
5 [0045] In a steel according to the present invention, when an acid corrosion resistance index Al defined by the fol- 
lowing expression <1> satisfies Al ^ 0, extremely excellent hydrochloric acid resistance and sulfuric acid resistance 
are obtained, 

AI/1 0,000 = 0.0005 + 0.045 x Sb% - C% X Mo% <1>. 

10 

[0046] That is, Fig. 6 shows the relationship between Al values and sulfuric acid corrosion rates and, as shown in 
the figure, it is understood that sulfuric acid resistance improves remarkably when an acid corrosion resistance index 
Al is zero or positive. Therefore, in the present invention, Sb, C and Mo are added so that an acid corrosion resistance 

15 index Al given by the above expression <1 > may be zero or positive. 

[0047] When Al ^ 0 is satisfied, in other words, C% x Mo% ^ 0.0005 + 0.045 x Sb% is satisfied, in the case of a 
cold-rolled steel sheet requiring excellent workability for example, it is preferable that a C amount is as low as not more 
than 0.01 %, and, in this case, when an Sb addition amount is 0.1 %, excellent sulfuric acid resistance and hydrochloric 
acid resistance are obtained simultaneously with the Mo addition amount of not more than 0.5%. 

20 [0048] On the other hand, when an aforementioned Al value exceeds 75, namely, when an Sb amount is excessive, 
not only the effect of improving sulfuric acid resistance and hydrochloric acid resistance is almost saturated but also 
hot-workability deteriorates. Therefore, it is preferable that the upper limit of an Al value is set at 75. 
[0049] Further, in a steel according to the present invention, Nb, Ta, V, Ti and/or W are added as occasion demands 
for the purpose of improving the strength, toughness, weldability and high temperature properties of the steel. 

25 [0050] Nb, Ta, V and Ti are elements effective for the improvement of strength and toughness caused by the frac- 
tionization of crystal grains and the improvement of high temperature strength when they are added by not less than 
0.005%, respectively. Also : they have the effect of improving cold-workability. However, the effects are saturated when 
an amount of each exceeds 0.1%. Therefore, the addition amount of each of Nb, Ta, V and Ti is limited in the range 
from 0.005 to 0.1%. 

30 [0051] W is effective for the improvement of high temperature strength and hydrochloric acid resistance when it is 
added by not less than 0.05% and the effects are saturated with a W addition amount of 1%. Therefore, a W addition 
amount is limited in the range from 0.05 to 1%. 

[0052] Further, when carbonitride forming elements such as Nb, Ta, V, 71 and W are added excessively, the sulfuric 
• acid corrosion resistance of a steel according to the present invention deteriorates. That is, those elements have the 
35 function of lowering a sulfuric acid resistant Mo amount limit and the degree of the lowering is expressed by the following 
Mo equivalent (Mo eq ), 

Mo eq (mass %) = Mo% + 5.1 x (Nb% + Ta%) + 4.2 x V% + 
40 9.3 x Ti% + 0.5 x W%. 

[0053] When Nb, Ta, V, Ti and W are added, the combination of the components that determines the limit of not 
hindering sulfuric acid resistance is given by an expanded acid corrosion resistance index El instead of the aforemen- 
45 tioned index Al. An index El is a function composed of Sb, C and Mo eq (mass %) and given by the following expression 
<2>, 

El/1 0,000 = 0.0005 + 0.045 X Sb% - C% X Mo eq % <2>. 

50 

[0054] When Nb, Ta, V, Ti and W are added in combination for a certain purpose, by satisfying the relation El s 0, 
extremely excellent hydrochloric acid resistance and sulfuric acid resistance are obtained simultaneously. 
[0055] That is, Fig. 7 shows the relationship between El values and sulfuric acid corrosion rates and, as shown in 
the figure, it is understood that sulfuric acid resistance improves remarkably when an expanded acid corrosion resist- 
55 ance index El is zero or positive. Therefore, in a steel according to the present invention, Sb, C and Mo are added so 
that an expanded acid corrosion resistance index El given by the above expression <2> may be zero or positive. 
[0056] On the other hand, when an aforementioned El value exceeds 75, namely, when an Sb amount is excessive, 
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not only the effect of improving sulfuric acid resistance and hydrochloric acid resistance is almost saturated but also 
hot-workability deteriorates. Therefore, it is preferable that the upper limit of an El value is set at 75. 
[0057] Cr is added by not less than 0.1% as occasion demands for improving weather resistance. However, when 
Cr is added in excess of 0.5%, particularly the sulfuric acid resistance of a steel according to the present invention 
5 deteriorates conspicuously. Therefore, when Cr is added as occasion demands, the upper limit is set at 0.5%. From 
the viewpoint of further improving sulfuric acid resistance and hydrochloric acid resistance, it is preferable to limit a Cr 
content to 0.1% or Iess : or most desirably not to add Cr at all. 

[0058] Ni is an element that has the function of improving hydrochloric acid resistance and is added by not less than 
0.1% as occasion demands for the purpose of preventing surface cracks from occurring during hot-working when Cu 
to and Sb are added to a steel according to the present invention. However, the effect is saturated when Ni is added in 
excess of 1%. Therefore, an Ni amount is limited in the range from 0.1 to 1%. It is particularly preferable to limit an Ni 
amount to the range from 0.1% to Cu% x 0.5. 

[0059], N is an inevitably included impurity element that has the function of improving hydrochloric acid resistance 
and is added by not less than 0.001 % as occasion demands. However, an N addition exceeding 0.007% causes surface 

is cracks to occur during slab casting. Therefore, an N amount is limited in the range from 0.001 to 0.007%. 

[0060] Al is added usually as a deoxidizing element. In a steel according to the present invention, Al is added by not 
less than 0.005% as occasion demands. However, when Al is added in excess of 0.1%, hydrochloric acid dew-point 
corrosion resistance and hot-workability deteriorate. Therefore, an Al amount is limited in the range from 0.005 to 0. 1 %. 
[0061] Further, Ca, Mg, Ce, La, REM and B are added to a steel according to the present invention as occasion 

so demands. 

[0062] Ca, Mg, REM and B contribute to the enhancement of the toughness of a steel by the improvement of clean- 
liness and the fraction izati on of crystal grains, and are added by 0.0002% or more, respectively, as occasion demands 
since their addition up to certain upper limits does not influence corrosion resistance. However, when an amount of 
Ca, Mg, Ce, La or REM exceeds 0.01% or a B amount exceeds 0.005%, corrosion resistance begins to be badly 
influenced. Therefore, an amount of each of Ca, Mg, Ce, La and REM is limited in the range from 0.0002 to 0.01% and 
a B amount in the range from 0.0002 to 0.005%. 
[0063] Further, Sn, Pb, Se, Te and Bi are added to a steel according to the present invention as occasion demands. 
[0064] Sn and Pb have the function of improving a free-cutting property and must be added by not less than 0.01% 
respectively for securing the effect. However when each of the contents of Sn and Pb exceeds 0.3%, hot-workability 
30 deteriorates. Therefore, the upper limit of each of their contents is set at 0.3%. 

[0065] Se, Te and Bi have the function of further improving acid resistance and must be added by not less than 
0.001% respectively for securing the effect. However, when each of the contents of Se, Te and Bi exceeds 0.1%, the 
deterioration of productivity and the increase of a production cost are caused. Therefore, the upper limit of each of 
their contents is set at 0.1%. 

35 [0066] Furthermore, Ag and Pd are added to a steel according to the present invention as occasion demands. 

[0067] Ag and Pd have the function of improving corrosion resistance in an environment of a high temperature and 
a high sulfuric acid concentration and must be added by not less than 0.001% respectively for securing the effect. 
However, when the contents of Ag and Pd exceed 0.5% and 0.1 % : respectively, not only the increase of a production 
cost but also the deterioration of hot-workability is caused. Therefore, the upper limits of the contents of Ag and Pd 

40 are set at 0.5% and 0.1%, respectively. 

(2) Weld metal 
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[0068] C is added for securing the strength of a weld joint of a steel for a welded structure. However, when C is 
added in excess of 0.2%, weldability and sulfuric acid resistance deteriorate. Therefore, a C amount is limited to 0.2% 
or less. Though a lower C content is desirable from the viewpoint of sulfuric acid resistance and hydrochloric acid 
resistance, in consideration of strength and economical efficiency, a C amount is limited in the range from 0.005 to 
0.2%. In particular, when C coexists with Mo, a C addition amount exceeding 0.2% causes sulfuric acid resistance to 
deteriorate conspicuously. When the balance between sulfuric acid resistance and hydrochloric acid resistance must 
be considered, a preferable C amount is 0.05% or less. 

[0069] Si improves sulfuric acid resistance and hydrochloric acid resistance by the coexistence with Cu when Si is 
contained by 0.01% or more in a weld metal. Therefore, the lower limit of an Si amount is set at 0.01%. On the other 
hand, when an Si amount exceeds 2.5%, corrosion resistance does not improve any longer and the toughness of a 
weld metal deteriorates considerably. Therefore, the upper limit of an Si amount is set at 2.5%. when weld operability 
and the toughness of a weld must be seriously considered, a preferable range of an Si amount is from 0.1 to 1%. 
[0070] Mn is added by 0.1 % or more for deoxidization and the adjustment of strength and the effects are sufficiently 
secured with an addition of 2%. Therefore, an Mn amount is limited in the range from 0.1 to 2%. 
[0071] Cu must be added by 0.1% or more for securing sulfuric acid resistance and hydrochloric acid resistance. 
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However, corrosion resistance is almost saturated even with a Cu addition amount exceeding 1% and an excessive 
strength increase and solidification cracks are caused instead. Therefore, a Cu amount is limited in the range from 0.1 
to 1%. Preferably, a Cu addition amount in the range from 0.25 to 0.75% makes the balance between corrosion resist- 
ance and production operability better. 

[0072] Mo is an indispensable element that improves hydrochloric acid resistance considerably by adding an Mo 
amount of 0.001% or more to a Cu-Sb containing weld metal. Further, when an Mo amount satisfies the expression 
C% x Mo% ^ 0.0005 + 0.045 x Sb%, Mo functions as an element that further improves sulfuric acid resistance and 
improves sulfuric acid resistance together with the aforementioned improvement of hydrochloric acid resistance. The 
upper limit of an Mo amount is set at 0.5% in consideration of the influence on the mechanical properties of a weld metal. 
[0073] Sb is an element that further improves sulfuric acid resistance and hydrochloric acid resistance by the coex- 
istence with Cu when it is added by 0.01% or more as occasion demands. Therefore, the lower limit of an Sb amount 
is set at 0.01 %. A preferable addition amount of Sb is 0.05% or more for securing a sufficient corrosion resistance. On 
the other hand, the effect is almost saturated when Sb is added by 0.2%. Therefore, an Sb amount is limited in the 
range from 0.01 to 0.2%. A preferable range of an Sb amount is 0.05 to 0.15% because weld operability deteriorates 
when an Sb amount in a weld metal exceeds 0.15%. 

[0074] P is an inevitably included impurity element and deteriorates sulfuric acid resistance and hydrochloric acid 
resistance conspicuously. Therefore, a P amount is limited to 0.03% or less. Preferably, sulfuric acid resistance and 
hydrochloric acid resistance are remarkably improved by limiting a P amount to 0.01% or less. A still more preferable 
upper limit of a P amount is in the range from 0.005 to 0.01% and even 0.005% or less. 

[0075] S is, like P, an inevitably included impurity element and deteriorates sulfuric acid resistance when the amount 
exceeds 0.03%. Therefore, the upper limit of an S amount must be set at 0.03% for securing sulfuric acid resistance 
and hydrochloric acid resistance sufficiently. However, as shown Fig. 5, in a Cu-Mo-Sb steel according to the present 
invention, sulfuric acid corrosion resistance and hydrochloric acid corrosion resistance improve conspicuously when 
S is added in excess of 0.005%. For that reason, it is preferable to make also a weld metal contain S by more than 
0.005%. However, the effect is saturated when S is added in excess of 0.02%. Moreover, an S amount of 0.02% or 
less is desirable in consideration of securing the toughness of a weld metal. In particular, when sulfuric acid resistance, 
hydrochloric acid resistance and mechanical properties are taken into consideration, the most desirable range of an 
S amount is from more than 0.005 to 0.02%. 

[0076] In a weld joint according to the present invention, very excellent hydrochloric acid resistance and sulfuric acid 
resistance are obtained when the acid corrosion resistance index Al, defined by the following expression <1 >, of each 
of a base material and a weld metal satisfies the relation Al ^ 0, 

AI/1 0,000 = 0.0005 + 0.045 X Sb% - C% X Mo% <1 >. 

[0077] Fig. 6 shows the relationship between Al values and sulfuric acid corrosion rates. Since, as seen in the figure, 
sulfuric acid resistance improves conspicuously when an acid corrosion resistance index Al is zero or positive, in the 
present invention, Sb, C and Mo are added also to a weld metal so that an acid corrosion resistance index Al given 
by the expression <1 > may be zero or positive. 

[0078] When the relation Al ^ 0 is satisfied, namely when the expression C% x Mo% g 0.0005 + 0.045 x Sb% is 
satisfied, or for example, when a weld metal contains an Mo amount of 0.5% or less while containing a C amount of 
0.01% or less and a Sb amount of 0.1%, excellent sulfuric acid resistance, hydrochloric acid resistance and chloride 
containing acid corrosion resistance are obtained. 

[0079] Further, when an aforementioned Al value exceeds 75, namely, when an Sb amount is excessive, not only 
the effect of improving sulfuric acid resistance, hydrochloric acid resistance and chloride containing acid corrosion 
resistance is almost saturated but also hot-workability deteriorates. Therefore, It is preferable that the upper limit of an 
Al value is set at 75. 

[0080] Further, in a weldjoint according to the present invention, it is preferable to set a selective corrosion resistance 
index lAAII of the weld joint at an appropriate value. 

[0081 ] A selective corrosion resistance index lAAII of a weldjoint is defined by the following expression <3> composed 
of an acid corrosion resistance index Al of a base material and an acid corrosion resistance index Al of a weld metal, 

lAAII = IAI of a base material - Al of a weld metall <3>. 

[0082] Fig. 1 0 is a graph showing the relationship between lAAII values and the sulfuric acid corrosion rates of base 
materials and weld metals. As shown in Fig. 10, when lAAII exceeds 20, the corrosion rate of either of a base material 
or a weld metal having the lower Al value than the other increases and accelerated corrosion occurs selectively in a 
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sulfuric acid environment. Therefore, a IAAII value is set at 20 or less forpreventing a weld joint from corroded selectively 
at an accelerating rate. y 

fl°,! 31 , F | U ? 1 ! r ' ^ We ' d j ° int accordin 9 10 the present invention, one or more of Nb. Ta. Ti and W are added to the 
weld metal of the weld joint as occasion demands for the purpose of improving the strength, toughness high temper- 
ature property and the like of the weld joint, yness, nign lemper 
[0084] Nb Ta, V and Ti are elements effective for the improvement of strength and toughness caused by the frac- 
nTco '° n CrySta ! 9rainS and the im P rovement °' hi9h temperature strength when they are added by not less than 
0.005%, respectively. However, the effects are saturated when an amount of each exceeds 0.1%. Therefore Se ad 
d.t.on amount of each of Nb, Ta, V and Ti is limited in the range from 0.005 to 0 1 % "ereiore, ad 
l °^ 5 k W i f 1 effec * lve forthe improvement of high temperature strength and hydrochloric acid resistance when it is 
added by not less than 0.05% and the effects are saturated with a W addition amount of 1%. Therefore a W addition 
amount is limited in the range from 0.05 to 1%. aaonion 

S 1 ,/"^ carbonitride f0,min 9 elements such as Nb, Ta, V, Ti and W are added excessively in a weld 
metal, the sulfuric acid corrosion resistance of a weld joint according to the present invention deteriorates. That is 
those elements have the function of lowering sulfuric acid resistant Mo amount limit and the degree of the lowerino is 
expressed by the following Mo equivalent (Mo eq ), lowering is 

Mo eq (mass %) = Mo% + 5.1 x (Nb% + Ta%) + 4.2 x V% + 
9.3 X Ti%+0.5 x W%. 

[0087] When Nb. Ta, V, T, and W are added, the combination of the components that determines the limit of not 
hindering sulfuric acid resistance is given by an expanded acid corrosion resistance index El instead of the aforemen- 
tioned index Al. An ,ndex El is a function composed of Sb, C and Mo eq (mass %) and is given by the following expression 
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El/1 0,000 = 0.0005 + 0.045 x Sb% - C% x Mo % <2> . 



[0088] When Nb, Ta, V. Ti and W are added in combination for a certain purpose, by satisfying the relation El s= 0 
IT hydrochloric acid resistance and sulfuric acid resistance are obtained simultaneously. ~ ' 

E£X, £ IS ' T' 9 ' 1 S !IT the relationsni P between El values and sulfuric acid corrosion rates and. as shown in 

LnclinT;, p? u at su l uric acid resistance improves remarkab| y when an e *p anded «*« Si 

ance .index El is zero or positive. Therefore, in the weld metal of a weld joint according to the present invention Sb C 
and Mo are added so that an expanded acid corrosion resistance index El given by the above expression ^may b? 
zero or positive. 

[0090] Further, when one or more of Nb, Ta, V. Ti and W are added, an expanded selective corrosion resistance 
index of a weld joint is defined by employing an expanded acid corrosion resistance index El, instead ofthe 2 emen 
corrosion ^stance fnoex 6 6X06,1601 ^ " 6valuatin 9 the weld j° int with ,he expanded selective 

[0091] An expanded selective corrosion resistance index IAEII of a weld joint is defined by the following expression 

riil°„ mP0S H f XPan ,? d ^ COrr ° Si0n reSiStanCe ind6X El ° f a base material and an expanded acid corrosion 
resistance index El of a weld metal, 

IAEII = IEI of a base material - El of a weld metall <4> 

m»t? r Lu Fi9 H 11 w 8 9r f^ TT 9 rela,ionshi P between lAE » ^lues and the sulluric acid corrosion rales of base 
materials and weld metals. As shown in Fig. 1 1 , when IAEII exceeds 20, the corrosion rate of either of a base material 
or a weld metal having the lower El value than the other increases and acce.erated corrosion occurs selectively^ a 

from coS T iTT T heref ° re - H is P referable that a is set a. 20 or less for preventing a weldjoim 

from corroded selectively at an accelerating rate. 

« Son F d U em h a e nds r ' "* A ' "* t0 ^ ° f 8 WeW ^ aCC ° rding t0 the present inven,ion as 

[0094] Cr is added by not less than 0.1% as occasion demands for improving weather resistance and the like How- 
ever, when Cr ,s added in excess of 0.5%, particularly the sulfuric acid resistance of a steel according to the present 
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invention deteriorates conspicuously. Therefore, when Cr is added as occasion demands, the upper limit is set at 0.5%. 
From the viewpoint of further improving sulfuric acid resistance and hydrochloric acid resistance, it is preferable to limit 
a Cr content to 0.1% or less or, most desirably, not to add Cr at all. 

[0095] Ni is an element that has the function of improving hydrochloric acid resistance and is added by not less than 
0.1 % as occasion demands for the purpose of preventing high temperature cracks of a weld metal from occurring when 
Cu and Sb are added to a steel according to the present invention. However, the effect is saturated when Ni is added 
in excess of 1%. Therefore, an Ni amount is limited in the range from 0.1 to 1%. It is particularly preferable to limit an 
Ni amount to the range from 0.1% to Cu% x 0.5. 

[0096] N is an inevitably included impurity element that has the function of improving hydrochloric acid resistance 
and is added by not less than 0.001% as occasion demands. However an N addition amount exceeding 0.02% causes 
the generation of blowholes in a weld metal and the deterioration of the toughness of a weld metal. Therefore, an N 
amount is limited in the range from 0.001 to 0.02%. 

[0097] Al is added by not less than 0.005% as occasion demands. However, when Al is added in excess of 0.1%, 
hydrochloric acid resistance and the toughness of a weld joint deteriorate. Therefore, an Al amount is limited in the 
range from 0.005 to 0.1%. 

[0098] Further, Ca, Mg, Ce, La, REM and B are added to the weld metal of a weld joint according to the present 
invention as occasion demands. 

[0099] Ca, Mg, REM and B contribute to the enhancement of the toughness of the weld metal of a weld joint by the 
improvement of cleanliness and the fractionization of crystal grains, and are added by 0.0002% or more, respectively, 
as occasion demands since their addition up to certain upper limits does not influence corrosion resistance. However, 
when an amount of Ca, Mg, Ce, La or REM exceeds 0.01% or a B amount exceeds 0.005%, corrosion resistance 
begins to be badly influenced. Therefore, an amount of each of Ca, Mg, Ce, La and REM is limited in the range from 
0.0002 to 0.01% and a B amount in the range from 0.0002 to 0.005%. 

[0100] Further, Sn, Pb, Se, Te and Bi are added to the weld metal of a weld joint according to the present invention 
as occasion demands. 

[0101] Sn and Pb have the function of improving the operability of the grinder conditioning of a weld bead and must 
be added by not less than 0.01% respectively for securing the effect. However, when each of the contents of Sn and 
Pb exceeds 0.3%, the toughness of a weld metal deteriorates. Therefore, the upper limit of each of their contents is 
set at 0.3%. 

[0102] Se, Te and Bi have the function of further improving acid resistance and must be added by not less than 
0.001% respectively for securing the effect. However, when each of the contents of Se, Te and Bi exceeds 0.1%, the 
deterioration of the toughness of a weld metal is caused. Therefore, the upper limit of each of their contents is set at 
0.1%. 

[0103] Furthermore, Ag and Pd are added to the weld metal of a weld joint according to the present invention as 
occasion demands. 

[0104] Ag and Pd have the function of improving corrosion resistance of the weld metal of a weld joint in an environ- 
ment of a high temperature and a high sulfuric acid concentration and must be added by not less than 0.001 % respec- 
tively for securing the effect. However, when the contents of Ag and Pd exceed 0.5% and 0.1%, respectively, not only 
the increase of a cost but also the deterioration of weld operability is caused. Therefore, the upper limits of the contents 
of Ag and Pd are set at 0.5% and 0.1%, respectively. 

[0105] Next, preferable methods for producing steels according to the present invention are explained hereunder. A 
preferable reheating temperature after continuous casting or breakdown rolling is 1 ,000°C or higher from the viewpoint 
of a rolling load and the like. However, when a steel is reheated to a temperature exceeding 1 ,300°C, the coarsening 
of crystal grains and the increase of decarburization and oxide scales are caused excessively. Therefore, a preferable 
reheating temperature is limited in the range from 1 ,000°C to 1 ,300°C. 

[0106] When a finishing temperature at hot rolling is lower than 800°C, the formation of unevenly mixed grains is 
unavoidable. On the other hand, when it exceeds 1 ,000°C t coarse grains are formed. Therefore, it is preferable that 
a hot-rolling finishing temperature is in the range from 800°C to 1,000°C. Thereafter, the steel sheet is cooled in the 
air for making the microstructure thereof mainly composed of ferrite. Note that, in the hot rolling of the so-called thin 
steel sheet since there is a concern that the cooling rate may be too high, the steel sheet is coiled in the temperature 
range from 600°C to 750°C and then cooled in the air or in a furnace. Further, in the case of the production of a cold- 
rolled steel sheet, it is preferable that a hot-rolled steel sheet is, after cooled in the air at hot rolling, subjected to cold 
rolling at a reduction ratio in the range from 30 to 90% and subsequently continuous annealing or box annealing in the 
temperature range from 700° C to 900°C. 

[0107] A steel according to the present invention, after being produced into a steel ingot, may be used by being 
formed into steel sheets, bars and wires, section steels, sheet piles or the like through hot rolling, forging, cold rolling, 
wire drawing or the like, for example. Further, they may be formed into prescribed shapes through pressing, etc. or 
subsequently formed into final products through processing and/or welding. Furthermore, a steel sheet may be firstly 
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tZ> d T T P ' Pe : SXamP 6 ^ e,6C,riC resistance we,ded s,eel P'Pe or the like, and thereafter used for a final 
product through secondary processing and/or.welding. etc. Still further, any optimum production processes including 
other processes may be selected in consideration of costs and the restrictions of existing equipment ^d any^^efses 
may be selected as long as a steel according to the present invention may be produced any processes 

[01 1 08] Further; a weld joint according to the present invention shows excellent sulfuric acid corrosion resistance and 
hydrochloric acd corrosion resistance and is quite appropriate when the aforementioned steel SSS^SSSiSt 

nven Ion" Is S2i T "t? ^"Wlng ™ ° f ^ We ' di " 9 meth0dS ' A We,d *** according to the p's" 

I T, u V eld ' ng Steel mat6ria,S f0rmed in, ° various sha P es or steel materials formed into prescribed 
shapes through further processing .he steel materials by employing one of various welding methods In genera the 
var stee ' ma t^,a.s. after appropriate edge preparation if necessary, may be welded by employing a y of 
various methods such as; arc welding in the atmosphere or an atmosphere containing shielding gas arc weld" no such 
as submerged arc welding. p,asma arc welding, electron beam welding, and the like. In'tha, case a weS according 
ooSZof T mVentl0n T ^ ,0rm6d by adjUSti " 9 ,hS com P°^^" °< a weld metal by means of iSJISSS 

EL A St t eSl ° r 3 K 6 ' d j ° int accordin 9 t0 the P resent mention may be processed into a steel material having the 
tainino n~Jl 9 , Ch6m,Ca ' Com P onen,s sti P ulated ^ ™™ « the present invention by: applying an aZ con 
meZ ^T!7 aioments on the surface of an a..oy having an appropriate composition by a platingme't hod dadd^g 
method or the l,ke; and diffus.ng the elements by an appropriate treatment such as heat treatment Furthe when a 

surface .^miT T"? * ^ ^ inVenti ° n * UMd - a " y -asure may be en^Sl 

surface treatment, coating, electnc protection, or the combination thereof, and the application of an antborrosive aqent 
and the employment of any of the above anticorrosive measures does not deviate from the scope of thTp resent in- 



Example 
Example 1 



[01 10] Steels containing chemical components shown in Tables 1 . 2 (sequel 1 of Table 1 ) 3 (sequel 2 of Table 1 ^ 

nto slabs, and the slabs were reheated and thereafter hot rolled into hot-rolled steel sheets 6 mm in thickness in the 
■n sh.ng temperature range from 800'C to 900»C and then cooled in the air. Test pieces for corrosTon teste and tensS 
co h r h0t " r °" ed Stee ' SheetS " FUrther ' S ° me h0t - rolled ^sheets were pWdSSd S^SS 

700-C Then tJ t f T lh,CkneSS ' and annealed h a salt bath for 60 «~ •» a temperature S 

700 C. Then, test pieces for tensile tests were sampled from the cold-rolled steel sheets. 
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[0111] Mechanical properties (tensile strength and elongation) were investigated by using the above test pieces for 
tensile tests. 

[01 12] Various corrosion resistance such as hydrochloric acid resistance and sulfuric acid resistance was evaluated 
by using the above test pieces for corrosion tests. The hydrochloric acid resistance was evaluated by immersing the 
5 test pieces in a 3 M (mol/litter) hydrochloric acid aqueous solution for 6 hr. at 60°C and weighing the corrosion losses. 
[01 13] The sulfuric acid resistance was evaluated by immersing the test pieces in a 40% sulfuric acid aqueous so- 
lution for 6 hr. at 60°C and weighing the corrosion losses. Note that the present invention is not limited to the conditions 
employed in the examples. 

[0114] The results of the material quality evaluated through the above tests are shown in Tables 5, 6 (sequel 1 of 
10 Table 5), 7 (sequel 2 of Table 5) and 8 (sequel 3 of Table 5). 
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[0115] C1 to C48 are the steels according to the present invention (hereunder referred to as "invention steels"). On 
the other hand, A1 to A21 and B1 to B14 are the steels for comparison (hereunder referred to as "comparative steels"). 
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lelsTsTd I'll S?!; A1 ™ ° rdinarV S,eel ' ^ ,0 AB arS conventio "«' ^Ifuric acid dew-point corrosion resistant 

the stee. components shown in Cne^Une^^^ ^ 

m Table 1 of the examples disclosed in the publication). The steel number 6 has the largestAI value amo S P Im! 
d.sclosed ,n the publication. The comparative steels B1 to B14 are low alloy steels exceVenl *ZZrl ** e * a ™ pieS 

B1 to Rid 5 ?;,, hydrochloric acid ^sistance and sulfuric acid resistance of the comparative steels A1 to A21 and 
B1 to B14 and the mvention steels C1 to C48 are explained hereunder 

Sb elc a^outsSre^ntT' ? r ^J""* Steel as men,iof1ed ab -e and the addition amounts of Cu, Ni. Mo 

r a oT 2 or ,s Thr thereo : is far in,erior to that ° f the invemion steeis ci * «!S2^^^^* ,one 

2 2? 3! Para Stee ' S A3 1 ° A6 are C "- Cr SUlfuric acid dew -P oi "« c °^osion resistant steels 
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[0132] In the comparative steel A15, Sb is not added and the Al value is negative. Though the hydrochloric acid 
resistance thereof is nearly equal to that of the comparative steel A2, the sulfuric acid resistance thereof is inferior to 
that of the comparative steel A2. in other words, both the hydrochloric acid resistance and sulfuric acid resistance 
thereof are inferior to those of the invention steels. 
5 [0133] In the comparative steel A16, the requirement an Al value ^ 0 is satisfied but Sb, which is an indispensable 
element in the present invention, is not added and, therefore, the hydrochloric acid resistance and sulfuric acid resist- 
ance thereof are equal to those of the comparative steel A2. In other words, both the hydrochloric acid resistance and 
sulfuric acid resistance thereof are inferior to those of the invention steels. 

[0134] In the comparative steels A1 7 and A18, the Al values are negative and outside the requirement specified in 
10 the present invention. Though the hydrochloric acid resistance thereof is superior to that of the comparative steel A2, 
the sulfuric acid resistance thereof is inferior to that of the comparative steel A2. In other words, the hydrochloric acid 
resistance thereof is equal to that of the invention steels but the sulfuric acid resistance thereof is inferior to that of the 
invention steels. 

[0135] In the comparative steel A21 , Sb is not added, the Ni addition amount is outside the range specified in the 
is present invention and also the Al value is negative. Though the hydrochloric acid resistance thereof is equal to that of 
the comparative steel A2, the sulfuric acid resistance thereof is inferior to that of the comparative steel A2. In other 
words, both the hydrochloric acid resistance and sulfuric acid resistance thereof are inferior to those of the invention 
steels. 

[0136] Next, the hydrochloric acid resistance and sulfuric acid resistance of the comparative steels B1 to B14 are 
20 explained hereunder. 

[0137] The comparative steels B1 to B14 are the steels excellent in hydrochloric acid resistance, the steels being 
found by the present inventors during the course of arriving at the present invention. Though any of the steel compo- 
nents in the comparative steels is in the range specified in the present invention, either the Al values or the El values 
are negative and thus the Al values or the El values deviate from the scope of the present invention. Therefore, though 
25 the hydrochloric acid resistance thereof is excellent and equal to that of the invention steels C1 to C48, the sulfuric 
acid resistance thereof is inferior. 

[0138] Next, the sulfuric acid resistance and hydrochloric acid resistance of the invention steels C1 to C48 are ex- 
plained hereunder. 

[01 39] The invention steels C1 to C48 are the steels that are designed so that the steel components may satisfy the 
30 ranges specified in the present invention and the requirement Al ^ 0 or El ^ 0, and thus show extremely excellent 
hydrochloric acid resistance and sulfuric acid resistance. 

[01 40] C1 to C1 0, C1 3 to C26 and C28 to C45 are the invention steels wherein the amounts of Cr as an impurity are 
limited to 0.1% or less. C11 , C12, C27, C47 and C48 are the invention steels whereto Cr is added in the range specified 
in the present invention as a selective element. 

35 [0141] In the invention steels wherein the amounts of Cr as an impurity are limited to 0.1% or less, the hydrochloric 
acid resistance thereof is not less than five times (evaluation mark© in the tables) that of the sulfuric acid dew-point 
corrosion resistant comparative steel A2 that is most excellent in corrosion resistance among the comparative steels 
A2 to A8 and the sulfuric acid resistance thereof is not less than two times (evaluation mark O in the tables) that of the 
comparative steel A2 that is most excellent in corrosion resistance among the comparative steels A2 to A8. 

40 [0142] In the invention steels whereto Cr is added in the range specified in the present invention, the hydrochloric 
acid resistance and sulfuric acid resistance thereof are somewhat inferior to those of the invention steels whereto Cr 
is not added, but are sufficiently superior to those of the comparative steel A2. 

[0143] The invention steel C13 is an example wherein the S amount is 0.003%. In the invention steel C14, the S 
amount is 0.01 5% and the other components and the Al value are the same as the invention steel C1 3. 1 n the invention 

45 steel C1 3, the hydrochloric acid resistance and sulfuric acid resistance thereof are superior to those of the comparative 
steel A2 but inferior to those of the invention steel C1 4. From the result, it is understood that both excellent hydrochloric 
acid resistance and sulfuric acid resistance are obtainable simultaneously by adding S by more than 0.005%. 
[0144] As explained above, it is obvious that the invention steels are excellent in both sulfuric acid resistance and 
hydrochloric acid resistance. 

so [0145] Next, the mechanical properties of the invention steels are explained hereunder. 

[0146] As shown in Tables 5 to 8, in the invention steels C1 , C3, C4, C7 5 C13 to C23 and C32 to C48, the tensile 
strengths thereof are more than 400 MPa and steels for welded structures of 400 MPa class in tensile strength (JIS 
G3101 equivalent) are secured. Further, as shown in Tables 5 to 8, in the invention steels, the carbon equivalents 
thereof are 0.32% at the most and no cracks are observed even in the weld crack tests at 0°C. From the results, it is 

55 obvious that the invention steels have sufficient weldability. 

[0147] From the above results, it is understood that the above invention steels are steels for welded structures ex- 
cellent in hydrochloric acid resistance and sulfuric acid resistance. 

[01 48] Further, in the invention steels C2, C5 to C1 2 and C24 to C31 , each of the cold-rolled steel sheets produced 
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[0150] Further, the comparative steels A1 and A2 and the invention steels C3 C13 to C15 C 7 o C ? nH r^ 
were .mmersed into a sulfuric acid pickling tank (20 mess % sulfuric acid, 40'C, an ir hibt? added) use d bv 
galvanizing agent and the sulfuric acid resistance of the steels was evaluated by 'thtekness rlSurtK It \l P 

[0151] Further, the test pieces of the comparative steels A1 and A2 and the invention steels C3 C14 to n« ,„h 

sisr su " u * as,, - po "" co,ros " > " ana h>dr ~ hte * Ma ~ -srrr^ 

Example 2 

EUfL 1 !?* 9 "I™* 5 Che "" Cal com P» ne "' s °< »» «" «*» to. tests and Taalaa 1 0 and 1 1 (seou.l of Tabid 1 01 
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[0153] Tables 1 2. 13 (sequel 1 of Table 12), 14 (sequel 2 of Table 12) and 15 (sequel 3 of Table 12) show the chemical 
components, corr^ 

odsshownmTab.es10and11.Fu^ 

the corros.cn resistance of a weld metal and Fig. 13 explains how to sample a corrosion test piece for evaluating /the 

of ITZLZT nce of a weld joint A test piece 1 ,or acorrosion resistance eva,uation f» was p^St; 

„ f0r H P 7 ann 9 3 Corros,on test P iece of a we| d metal stipulated in JIS, as shewn in Figs 12(a) and nS? 
Specf ca ly a underlayer 4 composed of six layers was formed on an ordinary steel base material unde an elec Mo 
current of 170 A by using an alternating-current welder so that the underlayer might not be inflnced by the ba e 
ma enalcompositionandthenatestpiecel (4mm x 25 mm x 25 mm) was sampled from a Z^ZtllZmna 
As for corrosion tests, the dipping corrosion tests were carried out by immersing the test pieces in 10% hydrochS 
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2„ , h RrS,,y - f P,a ; ned « r 6 the ^drochloric acid resistance and sutfuric acid resistance of the weld metals for com 
panson (hereunder referred to as "comparative weld metals"} W1 tn wm m . , meiais tor com- 

[01 55] The comparative weld metal W1 is a weld metal formed with a we.d materia, for a soft steel and the amounts 
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of Cu Ni and Sb thereof are outside the ranges specified in the present invention, and therefore the sulfuric acid 
resistance and hydrochloric acid resistance thereof are inferior to those of the invention weld metals W21 to W53. 
[01 56] The comparative weld metal W2 is a weld metal formed with a weld material for a conventional sulfuric acid 
resistant steel and the amounts of Sb and Ni thereof are outside the ranges specified in the present invention, and 
s therefore the sulfuric acid resistance and hydrochloric acid resistance thereof are inferiorto those of the invention weld 

metals W21 to W53. . 
[0157] The comparative weld metal W3 is a weld metal formed with a weld material for a Cu-Cr sulfuric acid dew- 
point corrosion resistant steel and the amounts of Sb, Ni and Cr thereof are outside the ranges specified in the present 
invention, and therefore the sulfuric acid resistance and hydrochloric acid resistance thereof are inferiorto those of the 
10 invention weld metals W21 to W53. 

[0158] The comparative weld metal W4 contains P in excess of an amount in the range specified in the present 
invention, and therefore the sulfuric acid resistance and hydrochloric acid resistance thereof are inferior to those of the 
invention weld metals W21 to W53. 

[0159] The comparative weld metal W5 contains S in excess of an amount in the range specified in the present 
is invention. Therefore, cracks are generated in the weld metal and the weld operability and weld quality of the weld metal 
are far inferior to those of the invention weld metals W21 to W53, though the sulfuric acid resistance and hydrochloric 
acid resistance thereof are excellent. 

[0160] In the comparative weld metal W6, the Cu amount thereof is less than the lower limit specified in the present 
invention, and therefore the sulfuric acid resistance and hydrochloric acid resistance thereof are inferior to those of the 
20 invention weld metals W21 to W53. 

[01 61 ] In the comparative weld metal W7, the amounts of Ni and Sb thereof are less than the lower limits specified 
in the present invention and, therefore, the sulfuric acid resistance and hydrochloric acid resistance thereof are inferior 
to those of the invention weld metals W21 to W53. 

[01 62] In the comparative weld metals W8 and W1 0, the Sb amounts thereof are less than the lower limit specified 
25 in the present invention and, therefore, the sulfuric acid resistance and hydrochloric acid resistance thereof are inferior 
to those of the invention weld metals W21 to W53. 

[01 63] In the comparative weld metals W9 and W1 1 , the Sb amounts thereof exceed the upper limit specified in the 
present invention and, therefore, the weld operability thereof is far inferior to that of the invention weld metals W21 to 
W53. 

30 [01 64] In the comparative weld metal W12, the acid resistance index Al is -1 9.0 and deviates from the range specified 
in the present invention (Al ^ 0) and, therefore, the hydrochloric acid resistance thereof is far inferior to that of the 
invention weld metals W21 to W53. 

[01 65] In the comparative weld metal W1 3, the acid resistance index Al is -9.0 and deviates from the range specified 
in the present invention (Al ^ 0) and, therefore, the hydrochloric acid resistance thereof is far inferior to that of the 
35 invention weld metals W21 to W53. 

[01 66] In the comparative weld metals W1 4 to W1 8 , the acid resistance indexes El deviate from the range specified 
in the present invention (El ^ 0) and, therefore, the hydrochloric acid resistance thereof is far inferior to that of the 
invention weld metals W21 to W53. 

[01 67] As explained above, it can be understood that the invention weld metals W21 to W53 are excellent in sulfuric 

40 acid resistance, hydrochloric acid resistance and weld operability. 

[01 68] Next, butt weld joints of downward postures were formed under an electric current of 1 70 A and a weld heat 
input of 1 7 to 1 9 kj/cm by using the welding materials according to the present invention as shown In Tables 10 and 
1 1 and the base materials 7 (1 6 mm in sheet thickness) as shown in Tables 1 6 and 1 7. Thereafter, the test pieces (4 
mm x 25 mm x 60 mm) for the corrosion tests of the weld joints were sampled from the portions shown in Fig. 13 so 

45 that the area ratio of a weld metal 6 and a base material 7 might be 1 :2, the dipping corrosion tests were carried under 
the same conditions as aforementioned conditions, and then the corrosion resistance of the weld joints was investi- 
gated. The results are shown in Tables 16 and 17. 
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[0169] The sulfuric acid resistance and hydrochloric acid resistance of the comparative weld joints J1 to J4 and the 
invention weld joints J11 to J1 9 shown in Tables 16 and 17 are explained hereunder 

[0170] The comparative weld joint J1 is a weld joint formed with a soft steel and a welding material for a soft steel 
and the amounts of Cu, Ni and Sb in both the base material and the weld metal are outside the ranges specified in the 
present invention and, therefore, the sulfuric acid resistance and hydrochloric acid resistance thereof are inferior to 

I™ ™ 5 mVent ' 0n We ' d j ° intS J1 1 10 J1 9 and Sel6CtiVe COrrOSi0n at the weld is obse ™ ed u "der any of the conditions 
[0171] The comparative weld joint J2 is a weld joint composed of a Cu-Cr sulfuric acid resistant steel and a Cu 
containing weld metal and the amounts of Ni and Sb in both the base material and the weld metal are outside the 
ranges specified in the present invention and. therefore, the weld joint is inferiorto the invention weld joints J11 to J19 
[0172] The comparative weld joint J3 is a weld joint composed of the comparative steel A2 and the weld metal W31 
satisfying the scope of the present invention and the Mo amount in the base material is outside the range specified in 
the present invention and. therefore, the hydrochloric acid resistance of the base material is inferior and thus selective 
J£ r 2?, ,0n J! 0bse,ved Th erefore, the comparative weld joint J3 is inferior to the invention weld joints J11 to J1 9 
mISLo H°r iParatiVe W6 ! d j ° int J4 iS 3 W6ld j ° int com P° sed of the i^ention steel C36 and the comparative weld 

Td h^fo? d h 6 T °l Ni St> in me WGld meta ' are ° Utside the ra "9 es s ? eci,ied in the P rese "t invention 
and therefore, the sulfunc ac.d resistance and hydrochloric acid resistance thereof are inferiorto those of the invention 

weld joints J 1 11 to J 1 9 and selective corrosion at the weld is observed in any of the sulfuric acid and the hydrochloric acid 

[0174] In the Invention weld joints J11 to J19, the chemical components of the base materials and the weld metals 

are m the ranges specified in the present invention and the Al values or the El values of the base materials and the 

Zl rt ?ff S H? t ul" ra T S SP6Cified the Pr6Sent inVenti0n ' "^ ere ' ore ' it can be understood that the invention 
weld joints J1 1 to J1 9 are excellent in sulfuric acid resistance and hydrochloric acid resistance 
[0175] In the invention weld joints J1 1 to J13. the values of IAAII or IAEII exceed 20, and therefore selective corrosion 
I8 .k° ' 9 corrosion rates thereof are lower than those of the comparative weld joints J1 to J4 On the 

other hand, in the invention weld joints J14 to J1 9, the values of IAAII or IAEII are 20 or less, and therefore selective 
fn™ 0 ^! ° bse,ved and the inv ention weld joints J1 4 to J1 9 are for superior to the invention weld joints J11 to J1 3 
[0176] The invention weld joints J17 to J1 9 show the influence of the Cr amounts on the weld joints. Similarly to the 
case of a steel, by limiting a Cr amount to 0.1% or less, most excellent hydrochloric acid resistance and sulfuric acid 
resis ance are obtained. When Cr is added up to an amount close to the upper limit specified in the present invention 
(0.5 /o), though Cr deteriorates corrosion resistance to some extent, the invention weld joints show corrosion resistance 
superior to that of the comparative weld joints J1 to J4. 

S.° H ? ?K A ! iS °. bVi0US I[° m thG ab ° Ve exam P |es - il is understood that, by making a weld metal contain specific Cu Ni 
and Sb and restricting P and S that are impurity elements, the improved hydrochloric acid resistance of a weld metal 
and a weld joint not less than ten times that of a soft steel welding material and not less than three times that of a 
!2!« 9 t"f Jf c °nvent.onal sulfuric acid resistant steel is obtained and, moreover, the excellent sulfuric acid 
res stance not less than eight times that of a soft steel welding material and equal to or better than that of a welding 
material for a conventional sulfuric acid resistant steel is obtained, without the deterioration of the weld operability. 
[0178] That is, it is obvious that a weld joint according to the present invention has an excellent corrosion resistance 
in a low temperature corrosive environment wherein sulfuric acid dew-point corrosion and/or hydrochloric acid dew- 
point corrosion are caused. 

Industrial Applicability 

S 01 !!? PrSSent inVenti ° n mak6S " P ° SSible 10 0btain a steel navin 9 extremely excellent resistance to hydrochloric 
Th d r d f eW " P ,T C ° rrOSIOn Snd an acid - c °ntaining chloride and excellent sulfuric acid dew-point corrosion resistance 
There ore, the present invention makes it possible to economically provide a steel excellent in durability and capable 
of prolonging equipment service life, and reducing maintenance, as a material for a stack, a flue, a heat exchanger a 
casing or an expansion joint, that is exposed to a combustion exhaust gas and causes harsh hydrochloric acid and/or 
sulfuric acd dew-point corrosion in a thermoelectric power station, a non-utility electric power generator, or a non- 
industnal or industrial waste treatment plant. 

[0180] Further, the present invention makes it possible to economically provide a steel for a welded structure that 

ZZZ^Z^T™ in the application °' the steel t0 a steel tank of a pickling apparatus 

[0181] Furthermore, the present invention makes it possible to provide a weld joint, having extremely excellent hy- 
drochlonc acid resistance and sulfuric acid resistance, easily and at a low cost. 
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Claims 

1. A low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion resistance, char- 
acterized in that: said steei contains, in mass, 

5 

C: 0.001 to 0.2%, 
Si: 0.01 to 2.5%, 
Mn: 0.1 to 2%, 
Cu: 0.1 to 1%, 
10 Mo: 0.001 to 1%, 

Sb: 0.01 to 0.2%, 
P: 0.05% or less, and 
S: 0.05% or less, 

15 with the balance consisting of Fe and unavoidable impurities; and the acid corrosion resistance index Al, which is 

calculated from the following expression <1>, of said steel is zero or positive, 

AI/1 0,000 = 0.0005 + 0.045 X Sb% - C% X Mo% <1 >, 

20 

where % means mass %. 

2. A low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion resistance, char- 
acterized in that: said steel contains, in mass ; 

25 

C: 0.001 to 0.2%, 
Si: 0.01 to 2.5%, 
Mn: 0.1 to 2%, 
Cu: 0.1 to 1%, 
30 Mo: 0.001 to 1%, 

Sb: 0.01 to 0.2%, 
P: 0.05% or less, and 
S: 0.05% or less, 

35 and further one or more of 

Nb: 0.005 to 0.1%, 
Ta: 0.005 to 0.1%, 
V: 0.005 to 0.1%, 
40 Ti: 0.005 to 0.1%, and 

W: 0.05 to 1%, 

with the balance consisting of Fe and unavoidable impurities; and the acid corrosion resistance index El, which is 
calculated from the following expression <2>, of said steel is zero or positive, 

45 

El/10,000 = 0.0005 + 0.045 x Sb% - C% X Mo eq <2>, 
where % means mass % and Mo eq (mass %) is defined by the following expression, 

50 

Mo eq = Mo% + 5.1 x (Nb% + Ta%) + 4.2 x V% + 9.3 x Ti% 
+ 0.5 X W%. 

55 

3. A low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion resistance according 
to claim 1 , characterized in that said steel contains S: more than 0.005 to 0.025 mass %. 
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4 * t'ZTo S T eX + Ce " en i i ? W™"™ acid corrosion resistance and sulfuric acid corrosion resistance according 
to claim 2, characterized in that sard steel contains S: more than 0.005 to 0.025 mass %. 

to any one of claims 1 to 4, characterized in that said steel further contains, in mass, one or more of 

Cr: 0.1 to 0.5%, 
Ni: 0.1 to 1%, 
N: 0.001 to 0.007%, 
Al: 0.005 to 0.1%, 
Ca: 0.0002 to 0.01%, 
Mg: 0.0002 to 0.01%, 
REM: 0.0002 to 0.01%, 
B: 0.0002 to 0.005%, 
La: 0.0002 to 0.01%, 
Ce: 0.0002 to 0.01%, 
Sn: 0.01 to 0.3%, 
Pb: 0.01 to 0.3%, 
Se: 0.001 to 0.1%, 
Te: 0.001 to 0.1%, 
Bi: 0.001 to 0.1%, 
Ag: 0.001 to 0.5%, and 
Pd: 0.001 to 0.1%. 

6. A weld joint of a low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion 
resistance, characterized in that: said weld joint is composed of a base materia, containing, in mass 

C: 0.001 to 0.2%, 
Si: 0.01 to 2.5%, 
Mn: 0.1 to 2%, 
Cu: 0.1 to 1%, 
Mo: 0.001 to 1%, 
Sb: 0.01 to 0.2%, 
P: 0.05% or less, and 
S: 0.05% or less, 

with the balance consisting of Fe and unavoidable impurities and a weld metal containing, in mass, 

C: 0.005 to 0.2%, 
Si: 0.01 to 2.5%, 
Mn: 0.1 to 2%, 
Cu: 0.1 to 1%, 
Mo: 0.001 to 0.5%, 
Sb: 0.01 to 0.2%, 
P: 0.03% or less, and 
S: 0.03% or less, 

« C ° n tK iSt f in n ° f Fe Unavoidab,e im P urlties ; and the acid corrosion resistance indexes Al, which 

are calculated from the following expression <1 >, of said base material and weld metal are zero or positive, 

AI/1 0,000 = 0.0005 + 0.045 x Sb% - C% X Mo% <■, >( 

where % means mass %. 

' iT^ni? 1 ° f a J 0W t a,l 7. S,eel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion 
resistance according to claim 6. characterized in that the absolute value of the difference IAAII between the acid 
corros.on resistance indexes Al of said base material and weld metal is 20 or less 
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where IAAII = IAI of a base material - A! of a weld metall. 

8. A weld joint of a low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion 
resistance according to claim 6, characterized in that: said base material conta.ns S: more than 0.005 to 0.025 
mass %; and said weld metal contains S: more than 0.005 to 0.02 mass %. 

9 A weld joint of a low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric ac ad erosion 
resistance according to claim 7, characterized in that: said base material contains S: more than 0.005 to 0.025 
mass %; and said weld metal contains S: more than 0.005 to 0.02 mass %. 

10 A weld joint of a low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric ac >d corrosion 
resistance according to claim 6, characterized in that: said base material further contains N: 0.001 to 0.007 mass 
%; and said weld metal further contains N: 0.001 to 0.02 mass %. 

11 A weld joint of a low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion 
" resistance according to claim 7, characterized in that: said base material further contains N: 0.001 to 0.007 mass 

%; and said weld metal further contains N: 0.001 to 0.02 mass %. 

12 A weld joint of a low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion 
" resistance according to claim 8, characterized in that: said base material further contains N: 0.001 to 0.007 mass 

%; and said weld metal further contains N: 0.001 to 0.02 mass %. 

13 A weld joint of a low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion 
resistance according to claim 9, characterized in that: said base material further contains N: 0.001 to 0.007 mass 
%; and said weld metal further contains N: 0.001 to 0.02 mass %. 

14 A weld joint of a low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion 
resistance, characterized in that: said weld joint is composed of a base material containing, in mass, 



C: 0.001 to 0.2%, 
Si: 0.01 to 2.5%, 
Mn: 0.1 to 2%, 
Cu: 0.1 to 1%, 
Mo: 0.001 to 1%, 
Sb: 0.01 to 0.2%, 
P: 0.05% or less, and 
S: 0.05% or less, 

and further one or more of 

Nb: 0.005 to 0.1%, 
Ta: 0.005 to 0.1%, 
V: 0.005 to 0.1%, 
Ti: 0.005 to 0.1%, and 
W:0.05 to 1%, 

with the balance consisting of Fe and unavoidable impurities and a weld metal containing, 



C: 0.005 to 0.2%, 
Si: 0.01 to 2.5%, 
Mn: 0.1 to 2%, 
Cu: 0.1 to 1%, 
Mo: 0.001 to 0.5%, 
Sb: 0.01 to 0.2%, 
P: 0.03% or less, and 
S: 0.03% or less, 

and further one or more of 
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Nb: 0.005 to 0.1%, 
Ta: 0.005 to 0.1%, 
V: 0.005 to 0.1%, 
Ti: 0.005 to 0.1%, and 
W: 0.05 to 1%, 

with the balance consisting of Fe and unavoidable impurities; and the acid corrosion resistance indexes El, which 
are calculated from the following expression <2>, of said base metal and weld metal are zero or positive, ' 

El/1 0,000 = 0.0005 + 0.045 X Sb% - C% x Mo_ <p> 

where % means mass % and Mo eq (mass %) is defined by the following expression, 

Mo eq = Mo% + 5.1 x (Nb% + Ta%) + 4.2 x V% + 9.3 x Ti% 
+ 0.5 x W%. 

15. A weld joint of a low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion 
resistance according to claim 14, characterized in that the absolute value of the difference IAEII between the 
acid corrosion resistance indexes El of said base material and weld metal is 20 or less, 

where IAEN = IEI of a base material - El of a weld metal). 

16. A weld joint of a low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion 
resistance according to claim 14, characterized in that: said base material contains S: more than 0.005 to 0.025 
mass %; and said weld metal contains S: more than 0.005 to 0.02 mass %. 

17. A weld joint of a low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion 
resistance according to claim 15, characterized in that: said base material contains S: more than 0.005 to 0.025 
mass %; and said weld metal contains S: more than 0.005 to 0.02 mass %. 

18. A weld joint of a low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion 
resistance according to claim 14, characterized in that: said base material further contains N: 0.001 to 0 007 
mass %; and said weld metal further contains N: 0.001 to 0.02 mass %. 

19. A weld joint of a low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion 
resistance according to claim 15, characterized in that: said base material further contains N: 0.001 to 0.007 
mass %; and said weld metal further contains N: 0.001 to 0.02 mass %. 

20. A weld joint of a low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion 
resistance according to claim 16, characterized in that: said base material further contains M: 0.001 to 0.007 
mass %; and said weld metal further contains N: 0.001 to 0.02 mass %. 

21. A weld joint of a low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion 
resistance according to claim 17, characterized in that: said base material further contains N: 0.001 to 0.007 
mass %; and said weld metal further contains N: 0.001 to 0.02 mass %. 

22. A weld joint of a low alloy steel excellent in hydrochloric acid corrosion resistance and sulfuric acid corrosion 
resistance according to any one of claims 6 to 21 , characterized in that said base material and weld metal further 
contain, in mass, one or more of 



Cr: 0.1 to 0.5%, 
Ni: 0.1 to 1%, 
55 Al: 0.005 to 0.1%, 

Ca: 0.0002 to 0.01%, 
Mg: 0.0002 to 0.01%, 
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REM: 0.0002 to 0.01%, 

B: 0.0002 to 0.005%, 

La: 0.0002 to 0.01%, 

Ce: 0.0002 to 0.01%, 
5 Sn: 0.01 to 0.3%, 

Pb: 0.01 to 0.3%, 

Se: 0.001 to 0.1%, 

Te: 0.001 to 0.1%, 

Bi: 0.001 to 0.1%, 
10 Ag: 0.001 to 0.5%, and 

Pd: 0.001 to 0.1%. 
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Fig. 2 
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Fig. A 
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Fig. 5 
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Fig. 6 
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Fig. 8 
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Fig. 9 
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Fig.12(a) Fig.12(b) 
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